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Introduction

Forensics teams play a cudal role in cime investigations,
routinely analysing tace evidence to implicate suspects or
determine commonalites between different aimes. Among
the most easily identifiable pieces of trace evidence are
pigments and dyes from chips of paint, synthetic fiores, orinks.’
These sample types are used in comparative forensic analysis,
whereby a ‘questioned’ spedmen is submitted to a forensic
laboratory and compared with known spedmens to identify
common characteristics.  Investigators could then use these
analyses to buid pattems between events, objects or
individuals. For example, comparative analysis of paint traces
could be used to identfy the transfer of pigments between
vehides duing a collsion, objects such as cowbars or
screwdrivers used to break into windows, cars, or safes, or the
source of spray paint used in graffiti. This can allow examiners
to track vehide types in hitand-run acddents, catch thieves who
unknowingly transfer paint from the robbery site onto any
implements they use and identify the seller of spray paints used
in cases of vandalism or hate speech, Figure 1.

Comparative analysis of these samples must be performed with
extemely high chemical spedifidty to disciminate between
different pigments of similar hues. It must also be capable of
non-destructively analysing microscopic traces so that they can
later be analysed using comoborative techniques. Raman
microscopy meets both citeria  because of its high spectral
resolution, the available sub-micon range spatial resolution,
and the fact that no sample preparation is required.
Importantly, it is non-destructive, ensuring the preservation of

these samples often produce intense scattering, as is shown in
Figure 17 k is also highly versatle and can be applied to
detecting other common types of evidence of interest to
forensic  laboratories, induding drugs and explosives.  This
Application Note shows how the Edinburgh Instuments RM5
Confocal Raman Microscope can be used to analyse paint
traces in a forensic laboratory setting.

Materials and Methods

Raman spectroscopic measurements were performed on an
RM5 Raman Microscope equipped  with 532 nm, 638 nm, and
785 nm lasers and a CCD detector, Figure 2. The RMS5's
Ramade® software fully automates laser control, meaning that
measurement parameters can be changed without disturbing
the sample between measurements. The software-controlled
laser attenuator within the RM5 was also used to keep the
power reaching the sample low and prevent damage.

Comparative Analysis of Paint Traces

Paint generally contains pigments, binders, solvents, and other
additives. Pigments can either consist of brighty coloured
natural inorganic compounds, ubiquitous in historical art pieces
as shown in our artwork and archaeology Applicaton Note, or
synthetic organic compounds, which are more commonly used
now. However, inorganic titanium dioxide or carbonbased
pigments are still commonly found in white and black paints,
respectively. The organic compounds used in paints generally
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Figure 1. Example of where comparative Raman analysis of paint traces could be used for forensic aime scene investigations.
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aromatic functional groups, which produce distinct and intense
Raman signatures. Therefore, the technique is highly effective
at detecing and differentiating between different paint
compounds. To demonstrate this, various paint samples were
analysed using the RMS5.
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Figure 2. Edinburgh Instruments RM5 Confocal Raman Microscope.

The first samples analysed were two paint traces that looked
similar under widefield microscopy, suggestng a common
origin, Figure 3a. Raman spectra were recorded from multiple
points on both traces, Figure 3b. While both traces share some
Raman signatures  (orange peaks) there are significant
differences. Trace 1 has several unique signatures (green
peaks), and the intensity of certain bands differs between the
traces. For example, the band at 1597 an’ is more intense in
Trace 1, while the band at 1316 am is stronger in Trace 2. This
indicates that the traces contain common compounds in
different amounts, with Trace 1 having additional compounds.
This study shows Raman spectoscopy is effective for
distinguishing visually similar samples.
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Figure 3. Comparative Raman spectroscopic analysis of paint traces.

Multiple Wavelength Raman Analysis of
a Spray Paint

Next, a yellow spray paint was analysed using different
wavelength lasers for exdtation. Raman spectra obtained using
different lasers are usually qualitatively similar, but the intensities
of the bands will differ when recorded over the same acquisition
times because of the negative 4" power wavelength
dependence on Raman intensity. For this sample, however,
there were notable qualitative differences in the raw spectra
recorded at 532 nm and 785 nm, Figure 4. The Raman
spectum recorded at 532 nm is dominated by intense bands
at 1262 an, 1329 am”, and 1592 am’. These bands are still
present and intense in the spectum recorded at 785 nm, but
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two broad Raman bands at 450 am” and 620 am’' were also
detected, which were assigned as the nutle form of titanium
dioxide.” Note that the 785 nm spectum was recorded over a
longer acquisiton time than the 532 nm spectum. These
differences were attibuted to the resonance enhancement of
the yellow pigment at 532 nm, which meant the dominant
spectral signatures of the chromophore obscured the rutile.
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Figure 4. Multiple wavelength Raman spectroscopic analysis of yellow spray paint.

Building a Forensic Database Using the
KnowltAll Spectral Library

A sample of black spray paint was analysed and identified,
Figure 5. Using the intuitive export function from Ramade to
KnowttAll the spectrum was rapidly identified as carbon black,
with a 95% match. This information is then retumed and stored
in Ramadle with all other metadata. The dominant features in
the spectum were large bands at 1338 am’ and 1587 am’,
charactetistic of the Dand G bands of amorphous carbon. It has
been demonstrated in the literature that different carbon-based
black pigments vary subtly in the position, width, and relative
intensity of the D and G bands. Analysing various black paint
brands and creating a spectral library from these samples could
help identify where a black spray paint used by a perpetrator
was sold.*
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Figure 5. Raman spectral analysis and KnowltAll identification of carbon bladk
spray paint.

Conclusion

This Application Note shows how the Edinburgh Instuments
RMS5 Confocal Raman Microscope can be used to analyse paint
traces in a forensic laboratory setting. Raman microscopy is a
powerful technique for analysing and identifying pigments in
paint traces.

References

1. P. Buzzini et al,, The micro Raman analysis of paint
evidence in aiminalistics: case studies, J. Raman.
Spectrosc, 2006, 37, 922-931.

2. P. Buzzini and E. Suzuki, Forensic applications of Raman
spectroscopy for in situ analyses of pigments and dyes in



APPLICATION NOTE %

Forensic Analysis of Paint Using Raman Microscopy
INSTRUMENTS

AN_R28; Matthew Berry

ink and paint evidence, J. Raman. Spectrosc,, 2016, 47,
1627.

3. A E. Maftei etal, Mico-Raman —ATool for the Heavy
Mineral Analysis of Gold Placer-Type Deposits (Pianu
Valley, Romania), Minerals, 2020, 10, 988.

4. E.P.Tomasini et al, Mico-Raman spectroscopy and
carbondased black pigments, J. Raman. Spectrosc,
2012, 43, 1671-1675.

S P==Z MANUFACTURED
WITH PRIDE IN THE

2 A= UNITED KINGDOM
For more information, please contact:

+44 (0) 1506 425 300
sales@edinst.com
www.edinst.com

Copyright ©2023. Edinburgh Instruments Ltd. All rights reserved


mailto:sales@edinst.com
mailto:sales@edinst.com

